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ABSTRACT 
 

The present study was conducted with the objectives to evaluate the efficacy of various disinfectants against bacterial 

flacherie and grasserie diseases of mulberry silkworm. These were evaluated against the diseases at Melkassa 

Agricultural Research Center laboratory from 2017 to 2018. The treatments were arranged with CRD in three 

replications. Significant differences were observed among the treatments. Maximum reduction in mortality (17.1%) was 

recorded from Sodium hypochlorite (NaOCl) at 0.01% concentration. Among considered combinations of lime and vim, 

high mortality reduction was recorded from combination of 50% lime * 50 vim (43.6%) which was at par with 40% vim 

* 60% lime (45.8%). Findings illustrated that the tested disinfectants were effective for reduction in mortality of 

silkworm diseases. Thus, they seem to be effective for the controlling of silkworm diseases and have the potential to be 

a vital component of integrated management of the diseases. 
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INTRODUCTION 

 

Silkworm domesticated over centuries has become very 

delicate and susceptible to various diseases caused by 

microsporodia, bacteria, viruses and fungi (Doreswamy et 

al., 2004) and in spite of strict adherence to rearing 

techniques, it is difficult to obtain desirable cocoon yield if 

diseases affect the silkworm. Diseases in silkworm are the 

major constraints in achieving high silk productivity. 

During rearing, silkworm larvae possibly get infected 

either through contaminated leaf or through other sources 

of contamination (Baig et al., 1993). The infection by 

various pathogens and crop losses due to diseases is 

prevalent in all leading silk producing countries and is 

estimated to be about 15-20 kg per unit of 100 diseases free 

laying which accounts for about 30 per cent of total loss. 

The success of silkworm rearing depends upon the 

protection of crop from the disease-causing pathogens and 

commercial success of any breed depends on its tolerance 

to diseases under adverse conditions (Anonymous, 2011). 

The reason for the outbreak of silkworm diseases includes 

continuous rearing throughout the year, availability of large 

population of different stages in a limited area, inferior 

quality of mulberry leaves and unhygienic rearing 

condition, which affects not only the income of the farmers 

but also scuttles the seed cocoon and silk production plans 

(Mallika Kaewwises, 2006). Unless, some curative/ 

preventive measures are adopted during rearing, the 

infection built may lead to increase in the disease incidence 

and thus resulting in heavy crop loss. But so far no curative 

methods have been found feasible to control the diseases in 

silkworms and hence the prophylactic measures are the 

only way to control the diseases. As a routine prophylactic 

measure, the usage of disinfectants has been in regular 

practice in almost all the countries where sericulture is 

being practiced. 

The bacterial diseases are called as flacherie diseases 

because the corpuses of silkworms that die of them are soft 

and rot. During the initial stages of infection, the larva 

became lethargic and stops feeding. There are many reports 

on bacterial flacherie and grasserie (Ratna Sen et al., 2003). 

The infectious silkworm diseases are caused by pathogenic 

microorganisms or proto- zoon infection like micospridian, 

viral, bacterial and fungal. Pathogens are reported to cause 

several biochemicals and physiological alterations in insect 

tissues  and  its  loss  accounts for 30-40 per cent loss in the  
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cocoon yield (Chandrasekharan. K., 2009). Management of 

silkworm diseases is one of the vital components of 

successful silkworm rearing for obtaining higher cocoon 

yield and quality. Among the various methods, use of 

disinfectants like lime and bleaching powder is most 

effective in the management of silkworm diseases (Samson, 

1987). Silk worm disease management methods have never 

been studied and reported in Ethiopia before. So, to design 

effective controlling methods of major disease pests of 

mulberry silkworm (Bombyx mori) is found essential. 

Therefore, the objective of the present study was taken up 

to observe the efficacy of disinfectants in reducing the 

mortality due to bacterial and viral diseases in Bombyx mori. 

 

MATERIALS AND METHODS 

 

Silkworm rearing 

To conduct this activity, alcohol, table knife, mulberry 

silkworms, thermo-hygrometer, mountage, sensitive 

balance, leaf chopper, leaf storage box, feeding tray, 

shelfing box, plastic sheet, razorblades and disinfectant 

was required. 

Mulberry silkworm rearing was carried out for 

management studies in a properly disinfected ideal rearing 

house. Six days prior to hatching of eggs the rearing room 

and equipment’s was cleaned, washed and properly 

disinfected with two percent formalin at the rate of 800 ml 

per 10m2 as suggested by Krishnaswami et al. (1973). Then 

the room was kept closed for two days for effective 

disinfection. Silkworm disease free laying (DFLS) was 

procured from Melkassa Agricultural Research Centre 

(MARC). Eggs were disinfected with 2 % formalin for 7 

minutes. Twenty-four hours prior to hatching eggs are kept 

in black box or covered with black paper to stimulate 

uniform embryonic growth. Eggs were exposed to light for 

30 minutes on the day of hatching. Tender leaves of 

mulberry was fed four times a day until the larvae ends II 

instars stage, and semi tender leaves to III instars while 

more matured leaves was be fed to IV and V instars larvae. 

Normal daily feedings of four times per day (at 8:00 AM, 

10:00 AM, 2:00 PM and 5:00 PM) was given for silkworm 

race. Rearing bed was cleaned every day after 1st feeding. 

The room temperature and relative humidity (RH) was 

maintained based on recommendations. Mountage was 

arranged timely for matured worms and Cocoon yield was 

harvested after seventh day from mounting. 

 

Treatment application and experimental design 

Based on the identification of silkworm diseases, the 

intervention for controlling the major silkworm diseases 

was undertaken in MARC, silkworm rearing laboratory. 

Mulberry plant was raised simultaneously to serve as feed 

for the silkworms. Disinfection of rearing house and all 

appliances was done before commencement of rearing and 

after each rearing. The experiment was executed during 

higher mortality of worms occurred due to incidence of 

bacterial and viral diseases. 

Two types of experiments were conducted for the 

management of mulberry silk worm diseases.  

Testing the efficacy of sodium hypochlorite (NaOCL) 

with different concentration for the management of 

silkworm diseases with spray application method. Eight 

treatments was used, these were 0.005 %, 0.01 %, 0.05 %, 

0.1%, 1%, 1.5%, 2% and control. In the control the same 

numbers of replications with same number of worms was 

maintained and only distilled water was sprayed on them. 

The treatments were applied with sprayer once each at 2nd, 

3rd and 4th instars and twice at 5th instars on the body of the 

larvae along with the foliage during the rearing. The 

silkworm larva was fed with the treated leaves once after 

2nd instars. Each treatment comprises of 3 replications with 

100 worms in each replication which hatches on the same 

day. The experiment was conducted in a completely 

randomized design (CRD). 

Combination of lime and vim was used with dust 

application method. Eight treatments were used. i.e. 10 % 

vim * 90 % lime, 20% vim* 80 % lime, 30 % vim * 70 % 

lime, 40 % vim * 60 % lime, 50 % vim * 50 % lime, 100 

% vim, 100 % lime and untreated control (no treatment was 

applied for untreated control). The treatment was applied 

half-an-hour before resuming feeding after each moult. It is 

applied by use of thin cloth and dusts it over the silkworm 

body after bed cleaning. The experiments were arranged in 

CRD in three replications. In each replication, 100 

worms/tray were used and allowed to complete the larval 

period to cocoon spinning. 

 

Data collection 

Disease incidence, daily temperature and relative 

humidity, Weight of 10 matured larvae (gm), types of 

symptoms develop, mortality rate of worms due to diseases 

were recorded also rearing variables like larval body 

weight (g), effective rate of rearing (%), cocoon traits like 

(cocoon and shell weight in grams and silk ratio in percent) 

were recorded. 

The following formulae adopted by Singh and 

Benchamin (2002) were used: 

 

Survival Rate =
Number of larva survived 

No. of larva brushed
x 100 

 

• Cocoon weight (g) 

Ten cocoons per replication was weighed on fifth day 

after cocoon formation 

• Shell weights (g): Ten pupal and cocoon shells per 

replication was weighed and recorded. 

Shell percentage =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠ℎ𝑒𝑙𝑙

Cocoon weight
𝑥 100 

 

Effective rate of rearing (ERR) =
𝑁𝑜. 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑠𝑝𝑖𝑛𝑛𝑖𝑛𝑔 𝑐𝑜𝑐𝑜𝑜𝑛

𝑁𝑜. 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑏𝑟𝑢𝑠ℎ𝑒𝑑
𝑥 100 

 

Data Analysis 

The data were subjected to analysis of variance 

(ANOVA) using Statistical Analysis Software (Gomez and 

Gomez, 1984) (version 9.00, SAS, Institute Inc., Cary, NC, 

USA). Treatment means were separated using Duncan 

multiple ratio. 

 

RESULTS AND DISCUSSION 

 

Silkworm diseases caused by Protozoa, bacteria, fungi 

and viruses are among the major constraints in silk 

production. The infectious diseases of silkworm cause 

considerable loss in cocoon production. Seri culturists are 

striving  constantly  to  minimize  the  incidence  of diseases
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Table 1: Efficacy of Sodium hypochlorite (NaOCl) on mortality of different instars in mulberry silkworm (Bombyx mori) diseases from 

2017-2018 

Treatment 2nd  instars 3rd instars 4th instars 5th instars Total Mortality Reduction  in Mortality over UC % 

0.005 7a 10a 18a 24.7ab 59.7bc 3.7 

0.01 5.7a 9a 15a 21.7b 51.4d 17.1 

0.5 6.3a 9.3a 18.7a 24ab 58.7abc 5.3 

0.1 7.3a 9.7a 20a 24ab 61.3ab 1.1 

1 6.3a 11.7a 16a 24ab 58.3bc 6 

1.5 5.7a 10.7a 17a 24.7ab 58bc 6.4 

2 6.3a 12.7a 18.3a 28a 65.3a -5.3 

UC 5.3a 12.7a 14.7a 25ab 62ab - 

 LSD 3.7 4.7 5.8 4.9 6.7 - 

CV 17 15 19 11 6 - 

 

Table 2: Efficacy of Sodium hypochlorite (NaOCl) in managing mulberry silkworm (Bombyx mori) diseases from 2017-2018 

Treatment (%) WSL WSC WSS SR ERR LSR 

0.005 1.7a 1.2ab 0.22ab 17ab 42ab 43.3ab 

0.01 1.8a 1.3a 0.26a 22a 45a 45.7a 

0.5 1.8a 1.5a 0.24ab 17.5ab 39.7abc 41.3abc 

0.1 1.8a 1.3ab 0.2ab 16.3b 37bc 38.7bc 

1 1.5b 1.2b 0.19ab 16.3b 40.7ab 41.7ab 

1.5 1.5b 1.2ab 0.18b 17.2ab 41ab 42ab 

2 1.5b 1.15b 0.21ab 18.7ab 32.7c 34.7c 

UC 1.5b 1.16b 0.2ab 16.5b 33c 38bc 

 LSD 0.1 0.29 0.077 5.3 7.2 6.7 

CV 3.75 13 10 9 15 9 

WSL=weight of single larva, WSC= Weight of single cocoon, WSS= weight of single  shell,  SR= Silk ratio, ERR=Effective rate of 

rearing, LSR= Larva survival rate, UC= Untreated control. 

 

Table 3: Efficacy dust application of lime and vim combination on mortality of different instars on mulberry silkworm (Bombyx mori) 

diseases from 2017-2018 

Treatment 2nd instars 3rd instars 4th instars 5th instars Total Mortality Reduction in Mortality over UC % 

10%(vim)* 90%(lime) 4.3a 5.7a 8.3a 16b 34b 23.25 

20%(vim)* 80%(lime) 4ab 4a 8.3a 12.3b 28.7bc 35.21 

30%(vim)* 70%(lime) 3.7abc 5.7a 7a 13.3b 29.7bc 33 

40%(vim)*60%(lime) 1.3c 6.3a 6.7a 10.7b 25bc 43.6 

50%(vim) * 50%(lime) 2abc 4a 7a 11b 24c 45.8 

100% (vim) 1.7bc 3.7a 8a 11.7b 25bc 43.6 

100% (lime) 1.7bc 5.3a 8.3a 12.7b 28bc 37 

UC(untreated control 4ab 5.3a 8a 26.7b 44.3a - 

 LSD 2.6 3.5 3 7.3 9.9 - 

CV 18 19 13 14 18.9 - 

 

Table 4: Efficacy of dust application of lime and vim combination on the management of mulberry silkworm (Bombyx mori) diseases 

from 2017-2018 

Treatment WSL WSC WSS SR ERR LSR 

10%(vim)* 90%(lime) 2.13cd 1.32ab 0.23a 15.6 b 65.7ab 65.7b 

20%(vim)*80%(lime) 2.4bcd 1.34ab 0.2ab 16b 71.3ab 71ab 

30%(vim)* 70%(lime) 2.5b 1.32ab 0.23a 16.23 b 70ab 70ab 

40%(vim)* 60%(lime) 2.9a 1.35ab 0.22ab 17.3 a 77a 81.5a 

50%(vim)* 50%(lime) 2.93a 1.4a 0.22a 17.86 a 76a 82.7a 

100% (vim) 2.72b 1.3ab 0.2ab 15b 71ab 75ab 

100% (lime) 2.5b 1.33ab 0.23a 15.7 b 70ab 71b 

UC (untreated control) 1.9d 1.1c 0.14c 14 c 50c 55.7c 

 LSD 0.45 0.1 0.045 1.5 13.225 9.93 

CV 10 4.3 12.9 10.6 10.8 8 

WSL=weight of single larva, WSC= Weight of single cocoon, WSS= weight of single shell, SR= Silk ratio , ERR=Effective rate of 

rearing, LSR= Larva survival rate. 
 

and maximize cocoon production (Govindan and Devaiah, 

1995). Among these diseases bacteria and virus plays the 

prime role in causing diseases and affect the rearing of 

silkworm (Charnley A., 2003). 

 

Efficacy of sodium hypochlorite (NaOCl) on mulberry 

silkworm diseases 

The effect of NaOCl against mulberry silkworm 

diseases was studied in Melkassa Agricultural Research 

Centre laboratory from 2017 to 2018. The chemical was 

applied as spray method. The results of the experiment 

showed that all the treatments were revealed significant 

differences (P<0.05) as compared to the control (Table 1 

and 2). The larval mortality in the treated lots due to 

flacherie and grasserie diseases was ranged from 51.41 % 

to 65.3%. However, untreated control the recorded 

mortality rate was 62 %. Among the different 

concentrations of NaOCl viz., 0.005%, 0.01 %, 0.5% and 
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0.1 %, 1%, 1.5 %, 2 % and untreated control (UC), the 

concentration (0.01%) was found more effective in 

controlling the mortality due to bacterial and viral diseases 

as compared to other treatments. It was observed that when 

0.01 % of NaOCl was applied to the silkworms, the 

mortality due to bacterial and viral diseases reduced 

significantly (P < 0 .05) as compared to the control without 

affecting the quality of cocoons during different seasons 

(Table 2). 

However, the last two concentrations have shown 

corrosive action to the leaves and the treated larvae at these 

concentrations produce low quality and quantity of 

cocoons. Minimum mortality reduction (-5.3 %) was 

observed at 2 % concentration (Table 1) and it was lower 

than the untreated control this may be due to the corrosive 

effect of chemical on the silkworm this outcomes concide 

with the result of Rashmimala Kakoti, 2011. The larvae 

treated with concentration of 0.001 % do not show much 

reduction of mortality as compared to the control. 

Maximum reduction in mortality of diseases rate (51.4 %) 

was recorded due to application of 0.01 % NaOCL as 

compared to other treatments. 

Percentage of effective rate of rearing (E.R.R.) and 

larval survival rate (LSR) in the treated lots were 

significantly (P < 0 .05) higher than that of control and 

concentration 2 %. However, 2 % concentration and 

untreated control had similar results in all parameters. As 

evident from table 2, among the treatments the E.R.R. and 

LSR ranged from 32.7 % to 45 % and 34.7 % to 45.7 %, 

respectively which indicated the efficacy of NaOCl 

solution in increasing the survivability in mulberry 

silkworms. NaOCl acts as a leave surface disinfectant and 

it is effective against bacteria, viruses and fungi and it 

disinfects the same way as chlorine does. When sodium 

hypochlorite dissolves in water, two substances viz. 

hypochlorous (HOCl) and the less active hypochlorite ion 

(OCl-) are formed, which play a role for oxidation and 

disinfection. The bactericidal and virucidal effect of active 

chlorine and NaOCl has been reported in the larvae of 

cabbage looper Vail, P. V., et al., (1968) and Bombyx mori 

Subha Rao, G., et al., (1992). The application of NaOCl 

(0.05-0.5 %) was found to effectively reduce the viability 

and infectivity of Bacillus thuringiensis, Beauvaria 

bassiana and nuclear polyhedrosis virus (NPV) in cabbage 

looper Ignoffo, C. M. and Dutki, S (1968). It has been 

observed that the bactericidal and virucidal action of 

NaOCl is mainly caused by the release of hypochlorous 

acid (HOCl). The hypochlorite ion OCl- may be a 

contributing factor since alkaline hypochlorite solutions 

show some antibacterial potency (Alok Sahay et al., 2008). 

The application of NaOCl disrupted the normal 

protoplasmic balance in the living cell which eventually 

caused the death of the pathogens and reduced the mortality 

of the host silkworm. From the present study it is deduced 

that the application of 0.01 % of Sodium hypochlorite 

during the rearing of mulberry silkworm, Bombyx mori can 

effectively reduce the mortality bacterial and viral diseases 

thereby can enhance the cocoon production. Significant 

difference on the quantity of cocoon and cocoon shell were 

not observed between treated and control lots as shown in 

Table 2. Larval mortality due to flacherie disease accounts 

for major crop loss in mulberry silkworm. The larval 

mortality due to flacherie and grasserie during crop was 

recorded as high as 92. 66 % (Rashmimala Kakoti, 2011). 

The efficacy of Sodium hypochlorite in controlling 

mortality due to bacterial and viral diseases has been 

reported (Alok Sahay et al., 2008). Considering the 

effectiveness of NaOCl as disinfectant and control of 

certain diseases in silkworm, the present study was taken 

up to observe the efficacy of this chemical against viral and 

bacterial diseases in Bombyx mori. 

 

Efficacy of lime with vim combination on mortality of 

mulberry silkworm (Bombyx mori) diseases 

The effect of lime and vim combination against 

mulberry silkworm diseases was studied in MARC 

laboratory from 2017 to 2018. The treatments were applied 

as dust method. The results of the experiment showed that 

all the treatments were revealed significant differences 

(P<0.05) among the treatments and the control (Table 1 and 

2). 

Similar results among treatments in mortality of 

silkworms due to the incidence of diseases were recorded 

from combination of 10 % vim * 90 % lime (34 %), 20 % 

vim * 80 % lime (28.7 %), 30 % vim * 70 % lime (29.7 %), 

40 % vim * 60 % lime (25 %), 50 % vim * 50 % lime (24 

%), 100 % vim (25 %) and 100 % lime (28 %). However, 

on this study applying treatments showed high efficacy in 

reducing the mortality of silkworm diseases and able to 

reduce the mortality ranged from 23.25 % to 45.8 % (Table 

1). Maximum reduction in mortality due to silkworm 

diseases (45.8 %) was recorded from combination of 50 % 

vim * 50 % lime and minimum reduction (23.25 %) was 

obtained from combination of 10 % vim * 90 % lime as 

compared to the untreated control. There were significant 

differences (P < 0.05) among treatments in affecting, 

weight of larva (WL), weight of cocoon (WC), weight of 

shell (WS), silk ratio (SR), effective rate of rearing (ERR) 

and larva survival rate (LSR) as compared to untreated 

control. As indicated from table-2, among the treatments 

the WL, WC, WS, SR, ERR and LSR ranged from 2.13 % 

to 2.93 % %, 1.3 % to 1.4 %, 0.19 % to 0.23 %, 15 % to 

17.86 %, 65.7 % to 77 % and 65.7% to 82.7 %, respectively 

which showed the efficiency of chemicals in increasing the 

existence in mulberry silkworms. Similar types of 

observations have been made by Clark et al., (2006). Also 

the findings are in line with those of Mannimegalai and 

Subramaniam (1999) where the mortality rate was found to 

be least in the batches treated with plant based 

formulations. Bacterial flacherie and grasserie diseases are 

one of the most common disease in silkworms caused by 

Bombyx mori. The disease incidence ranges from 33-35% 

of the total diseases with higher incidence during summer 

and rainy seasons (Nataraju et al., 1998). 

Centuries of domestication of mulberry silkworm, 

Bombyx mori L. has resulted in loss of certain wild 

characters, which made it susceptible to infection by major 

pathogenic groups leading to diseases and crop loss. 

Among silkworm diseases, grasserie, flacherie, pebrine and 

muscardine are major diseases. It is established that the 

cause of disease is pathogen and the diseased silkworm 

extrudes pathogens into the rearing environment, which 

form the source for the spread of disease in the population. 

The diseases in silkworm are best prevented through 

effective disinfection and hygiene. Disinfection of rearing 

house and appliances before initiation of rearing with 
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effective disinfectant and disinfection of silkworm body 

and rearing seat using effective bed disinfectant during 

rearing eliminates the persistent pathogens. Different 

disinfectants viz., formalin, bleaching powder, iodine 

compounds, Chlorine dioxide have been recommended for 

disinfection of rearing house and rearing appliances 

(Balavenkatasubbaiah M. et al., 2006). 

Outbreak of various diseases viz., flacherie, grasserie, 

pebrine and muscurdine are the major constrains 

encountered in silk industry. Out of these diseases, 

bacterial flacherie and grasserie caused by bacteria and 

virus occurred mostly in every season and thereby causing 

death of considerable number of larvae which ultimately 

affects the cocoon silk production in Ethiopia 

(Unpublished, 2018). The pathogens primarily infect the 

alimentary tract of the silk worm, but high infection may 

affect blood cells, hypodermis and fat bodies too. Even 

after providing quality foliage and suitable environmental 

conditions during the rearing, in every crop about 14-40% 

crop loss normally occurred due to incidence of such 

diseases (Chakravorty, R, 2007). Disinfection and 

maintenance of hygienic condition during rearing are 

essential factors for preventing occurrence of diseases. 

Various disinfectants namely, NaOCl, lime formalin, 

bleaching powder, Calcium hydroxide and Chlorine 

dioxide have been effectively used to minimize disease 

incidences (Ananthalakshmi, K. 1995). 

 

Conclustion And Recommendation 

The results of the study revealed that disinfectants 

have the potential to reduce the incidence of mulberry 

silkworm diseases. Findings illustrated that the tested 

disinfectants were effective for managing bacterial 

flacherie and grasserie diseases of silkworm. However, 

NaOCl at 0.01 % concentration and combination of 50% 

vim * 50 % lime and 40 % vim * 60 % lime revealed more 

potential for reduction mortality in silkworm diseases than 

other treatments for managing the diseases. Thus, 

disinfectants seem to be effective for the management of 

silkworm disease and have the potential to be a vital 

component of integrated pest management of the diseases. 

Management of diseases in silkworm rearing are best 

prevented than cured. The diseases in silkworm are 

prevented through proper disinfections and rearing 

hygiene. Ensure meticulous disinfection of silkworm 

rearing house, appliances and the surroundings of the 

rearing house and use disinfectants at recommended 

concentration, quantity and schedule. Ensure rearing and 

personal hygiene during the rearing and feed silkworm with 

quality mulberry leaves, so that they grow physiologically 

strong and express high level of resistance to microbial 

infection. Rear silkworms under recommended optimum 

temperature and humidity conditions so that the larvae 

grow healthy and resistance to infection. Avoid 

overcrowded rearing of silkworm; it leads to larval 

starvation, resulting in loss of resistance to infection. Avoid 

improper handling of silkworm causing injury and pick up 

suspected diseased larvae as early as possible and dispose 

them by burning/burying. Use of disinfectant, as per 

recommended schedule and quantity to manage bacterial 

flacherie and grasserie is mandatory for the management of 

silkworm diseases. 
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